Objective: To study the risk factors for gastrointestinal complications related to enteral nutrition in critically ill children. Design: A prospective, observational study. Setting: Pediatric intensive care unit Subjects: Five hundred and twenty-six critically ill children who received transpyloric enteral nutrition(TEN). Methods: Univariate and multivariate logistic regression analysis were used to identify risk factors for gastrointestinal complications Results: Sixty six patients (11.5%) presented gastrointestinal complications, 33 (6.2%) abdominal distension and/or excessive gastric residue, 34 (6.4%) diarrhea, one gastrointestinal bleeding, three necrotizing enterocolitis and one duodenal perforation. Enteral nutrition was definitively suspended because of gastrointestinal complications in 11 (2.1%) patients. Fifty patients (9.5%) died. Gastrointestinal complications were more frequent in the patients who died. Death was related to complications of the nutrition in only one patient. The frequency of gastrointestinal complications was significantly higher in children with shock, acute renal failure, hypokalemia, hypophosphatemia and in those receiving dopamine, epinephrine and vecuronium. The stepwise multivariate logistic regression analysis showed that the most important factors associated with gastrointestinal complications were shock, epinephrine at a rate higher than 0.3 mg/kg/min and hypophosphatemia. Conclusions: The tolerance of TEN in critically ill children is good, although the incidence of gastrointestinal complications is higher in patients with shock, acute renal failure, hypokalemia, hypophosphatemia, and those receiving epinephrine, dopamine, and vecuronium.
Introduction
Malnutrition is a common finding in critically ill children and leads to an increase in the risk of complications and mortality (Briassoulis et al., 2001; Sánchez et al., 2005) . Enteral nutrition is the best model of feeding in the critically ill patients as it favors intestinal trophism, stimulates the immune system, reduces bacterial translocation and the incidence of sepsis and multisystem failure and has few side effects (Hadfield et al., 1995; De Lucas et al., 2000; Galbán et al., 2000; Artinian et al., 2006) . However, oral or nasogastric feeding is sometimes poorly tolerated, particularly in the patients on mechanical ventilation, owing to the reduced gastric motility secondary to the administration of drugs or to the disease itself, with the onset of distension, the accumulation of gastric residues and an increased risk of pulmonary aspiration (Montejo, 1999; Mentec et al., 2001; (Montejo et al., 2002) . Furthermore, a high percentage of critically ill patients on mechanical ventilation who are fed enterally via a nasogastric tube do not receive their full energy requirements, principally because of the frequent interruptions in the enteral feeding (Rogers et al., 2003; Meert et al., 2004; O'Leary-Kelley et al., 2005) . Duodeno-jejunal enteral nutrition has been shown to be a good alternative route in critically ill adults (Davies et al., 2002; Montejo et al., 2002) and children (Chellis et al., 1996; Sánchez et al., 2000) . However, transpyloric enteral nutrition could also increase the incidence of complications in preterm infants (McGuire and McEwan, 2004) . One study has analyzed the factors related to the tolerance and adverse effects of enteral nutrition in critically ill adult patients (Mentec et al., 2001 ), but there are no studies in children. This has been the objective of the present study.
Patients and methods
A prospective, observational study was performed that included all the critically ill children admitted to the Pediatric Intensive Care Unit between 1 March 1994 and 31 December 2004, and who received TEN.
TEN was used in children requiring mechanical ventilation, those with an altered conscious level and/or respiratory failure without mechanical ventilation and/or children with a risk of aspiration. It was also used in those children who did not tolerate gastric nutrition (due to the presence of high volume of residues, abdominal distension or vomits). The transpyloric tube was inserted by the nursing staff following a protocolized method, by blind insertion or with placement of the patient in a lateral decubitus position, with air insufflation (Spalding et al., 2000) . Confirmation of the position of the tube was initially performed by aspiration and measurement of the pH (it was considered that the tip of the tube was probably in the duodenum if the pH of the aspirate was equal to or higher than 6), and this was subsequently confirmed radiologically. All the tubes were situated between the first and fourth portions of the duodenum. A second tube was inserted via the same nasal orifice for drainage of the gastric contents and for measurement of the gastric residue every 3-4 h.
The type of nutrition administered depended on the age of the patient: in children under 2-3 years an infant formula was administered (700 kcal/l Â 18 g protein/l); this was substituted by protein hydrolysate in patients with milk-protein intolerance or suspected intestinal damage. Calorie supplements in the form of dextrin-maltose, medium-chain triglycerides or cereals were added in some patients. In children over 2-3 years of age, isocaloric (1.2 kcal/ml), normoproteic (26 g protein/l) pediatric liquid formulae were administered. The alimentation was started at a rate of 0.5-1 ml/kg/h, with increases of 0.5-1 ml/kg every 3-4 h if the gastric residues were less than 25% of the volume administered.
The following data were gathered prospectively: age, sex, weight, diagnosis, surgery, previous parenteral nutrition and its duration, indications for TEN, duration of admission before starting TEN, maximum volume and calories administered, duration of the TEN, indications for withdrawal and subsequent type of nutrition, doses of vasoactive drugs, sedatives and muscle relaxants administered during TEN, the use of mechanical ventilation and its duration, the presence of shock (defined as a systolic blood pressure o2 s.d. for age and/or the need for dopamine 415 mg/kg/min and/or epinephrine 40.3 m/kg/min), acute renal failure (defined as an acute increase in the creatinine levels to more than twice the P95 for age, with or without a change in the diuresis and/ or the need for renal replacement therapy), altered liver function (defined as an elevation of the AST to more than twice the normal value and/or of the bilirubin to over 2 mg/dl) and nosocomial pneumonia after starting the TEN (defined according to the CDC criteria).
Failure of the enteral nutrition was considered to have occurred when complications secondary to the nutrition developed that required its interruption. These included significant abdominal distension, residues of the nutrition in the gastric aspirate with a volume greater than 50% of the volume administered in the previous 4 h, severe diarrhea, gastrointestinal bleeding and necrotizing enterocolitis.
The characteristics of the nutrition were compared between the patients with gastrointestinal complications and the remainder of the critically ill children.
The statistical analysis was performed using the SPSS version 12 statistical program, expressing the quantitative variables as means and standard deviations and the qualitative variables as percentages. The w 2 test was used for the analysis of the qualitative variables and Fisher's exact test for the qualitatitive variables when n was less than 20 or when any theoretical value was less than 5. Student's t-test was used to compare quantitative variables between independent groups. A univariate logistic regression study was performed to assess the influence of each one of the factors on the gastrointestinal complications. The variable that showed statistical significance in the univariate logistic regression study was included in a multivariate step to step logistic regression model. Results are expressed in odds ratio (OR) and their corresponding 95% confidence intervals (CI 95%).
Significance was taken as a Po0.05.
Results
Five hundred and twenty six patients received TEN during the study period, 292 patients (55.5%) were male and 234 (44.5%) were female, with a mean age of 23 (41.4) months (range 3 days to 22 years) and a weight of 9.8 (11.6) kg (range 2.1-70 kg). The diagnoses of the patients are summarized in Table 1 . The indication for TEN was mechanical ventilation in 481 (91.4%), respiratory failure without mechanical ventilation in 22 (4.1%) and intolerance to gastric nutrition in 23 (4.3%) patients. Sixty-one patients (11.5%) presented gastrointestinal complications, 33 (6.2%) abdominal distension and/or excessive gastric residue, 34 (6.4%) diarrhea, one gastrointestinal bleeding, three necrotizing enterocolitis and one duodenal perforation owing to the transpyloric tube (Flores et al., 2006) . TEN was definitively suspended due to gastrointestinal complications in 11 (2.1%) patients. There were no significant differences in the age, weight or sex between the group of patients with gastrointestinal complications and the rest of the patients. Postcardiac surgery patients presented a higher incidence of gastrointestinal complications (14.7%) than the rest of the patients (7.5%), P ¼ 0.011. No relationship was found between the incidence of digestive tract complications and the early or late administration of TEN, type and duration of nutrition, volume of nutrition or the calories administered. A comparison of the characteristics of the patients and the nutrition between the children with gastrointestinal complications and the rest of the critically ill patients who received TEN during this period is presented in Table 2 . The incidence of shock was significantly higher in the children with gastrointestinal complications, and a significantly higher percentage of patients with gastrointestinal complications required dopamine and epinephrine infusions ( Table 2 ). The children with gastrointestinal complications also presented a higher incidence of renal failure and hepatic alterations, and a higher mortality rate ( Table 2 ). The incidence of gastrointestinal complications in the patients requiring continuous infusions of sedatives (fentanyl) and muscle relaxants (vecuronium) was higher than in the rest of the children. Children with gastrointestinal complications presented a significantly higher incidence of hypokalemia (o3.5 mmol/l on 2 different days) and hypophosphatemia (o3 mg/dl on 2 different days) than the other children.
The univariate logistic regression analysis showed that the frequency of gastrointestinal complications was significantly higher in children with shock, acute renal failure, continuous renal replacement therapy, hypophosphatemia and in those children receiving epinephrine at a rate higher than 0.3 mg/kg/min and vecuronium (Table 3 ). The stepwise multivariate logistic regression analysis showed that the most important factors associated with gastrointestinal complications were shock, epinephrine over 0.3 mg/kg/min and hypophosphatemia (Table 4 ).
Discussion
Our study shows that the majority of critically ill children on mechanical ventilation or who do not tolerate gastric nutrition can receive TEN safely and effectively. The most frequent problems during enteral nutrition are gastro- intestinal complications and, in the case of gastric nutrition, the interruptions of feeding for procedures (Rogers et al., 2003; Meert et al., 2004; O'Leary-Kelley et al., 2005) . Transpyloric enteral nutrition reduces the number of interruptions and permits the administration of the prescribed feeding without increasing the incidence of complications (Ho et al., 2006) . In our patients, transpyloric nutrition permitted the volume of nutrition to be increased rapidly to reach the maximum prescribed calorie intake within the first 48 h, achieving a sufficient calorie intake in most of patients with only the enteral nutrition. No relationship was found between gastrointestinal complications and the early initiation of the nutrition or the maximum volume of nutrition administered. The frequency of gastrointestinal complications in critically ill adults fed with enteral nutrition can reach 62%, and withdrawal of the nutrition is required in 15% of the patients (Montejo et al., 2002; Ho et al., 2006) . In our study, the incidence of gastrointestinal complications was lower similar to the figures reported in other studies in critically ill children (Sánchez Sánchez et al., 2003; Meert et al., 2004; Briassoulis et al., 2005; Pérez-Navero et al., 2005) , and the TEN was definitively suspended owing to gastrointestinal complications in only 2.1% of the patients.
The incidence of abdominal distension and/or excessive gastric residues in critically ill adult patients fed with enteral nutrition varies between 20 and 70% (Montejo, 1999; Mentec et al., 2001; Montejo et al., 2002; Ho et al., 2006) . Mentec et al. (2001) specifically analyzed the risk factors of upper digestive tract intolerance during gastric nutrition in critically ill adults. The risk factors associated with increased gastric aspirate volume and vomiting were sedation and the use of catecholamines (Mentec et al., 2001) . A high percentage of our patients required the administration of vasoactive drugs, such as epinephrine and high doses of dopamine, which can reduce intestinal perfusion and affect tolerance to nutrition. The majority of our patients presented an adequate tolerance to the transpyloric nutrition despite the fact that a large number of them were receiving vasoactive drugs. However, epinephrine at a rate of over 0.3 mg/kg/min was a significant factor for gastrointestinal complications and enteral nutrition must be administered carefully in patients requiring high doses of catecholamines.
Sedatives and muscle relaxants could affect enteral nutrition as they reduce gastrointestinal motility (Mentec et al., 2001) . In our study, although gastrointestinal complications were more frequent in the children receiving sedatives and muscle relaxants, the frequency of abdominal distention or a high volume of gastric aspirate was lower than the figure observed in patients with gastric nutrition (Montejo et al., 2002) . Our results show that TEN can be used in critically ill children even if they require treatment with sedatives and muscle relaxants, although constipation and abdominal distention must be carefully monitored in children receiving continuous infusions of muscle relaxants.
The incidence of diarrhea in our study was lower than that found in adults (12-15%) (Montejo, 1999; Montejo et al., 2002; Ho et al., 2006) . The diarrhea in our patients was generally mild and improved after modification of the diet. It could be assumed that the incidence of diarrhea would be higher in patients fed by transpyloric nutrition as the processes of gastric digestion are bypassed and the nutrition is administered directly into the duodenum or jejunum; however, comparative studies have found no differences (Montejo et al., 2002; Meert et al., 2004; Ho et al., 2006) .
In our study, shock was one of the most important risk factors for gastrointestinal complications. Enteral nutrition increases splanchnic metabolic demands, which may lead to oxygen and/or energy mismatch if the gut is hypoperfused (Kles et al., 2001) . Shock rapidly and severely reduces splanchnic perfusion, altering the tolerance to enteral nutrition, and can induce functional and structural gastrointestinal changes and systemic complications (Rokyta et al., 2003) . In this situation, enteral feeding can worsen disturbances in the oxygen balance leading to gastrointestinal complications (McClave and Chang, 2003) . However, some studies have shown that postcardiac surgery patients with hemodynamic alterations and/or requiring inotropic support present an adequate tolerance to enteral nutrition (Berger et al., 2005) . Although TEN was tolerated in the majority of our patients with shock, it should be administered with caution in these patients and careful observation be maintained for the possible onset of gastrointestinal complications.
Children with acute renal failure requiring continuous renal replacement therapy tolerated TEN, but presented a higher frequency of gastrointestinal complications. This finding is similar to the results published in critically ill adult patients with acute renal failure (Fiaccadori et al., 2004) . The higher incidence of complications in patients with acute renal failure could be due the gastrointestinal motility disorders associated with the uremia (Van Vlem et al., 2000) and/or the greater clinical severity of patients with acute renal failure indicated by the higher incidence of shock, the need for high drugs of vasoactive doses and multiorgan failure (Fernández et al., 2005) .
Three patients presented necrotizing enterocolitis. Two were neonates with Klebsiella pneumonia bacteremia in the postoperative period of cardiac surgery (Sánchez et al., 1998) . Enteral nutrition is one of the risk factors for necrotizing enterocolitis in neonates when associated with other factors such as prematurity, shock, hypoxemia and infection. The other patient was an infant with severe septic shock who required high doses of vasoactive drugs and also presented complications associated with an arterial catheter (Borrego et al., 2006) . Hypophosphatemia and hypokalemia were more frequent in children with gastrointestinal complications. We have found no previous references to associations of these alterations with gastrointestinal complications in critically ill patients. Both alterations can reduce intestinal motility and increase abdominal distention However, it is also possible that hypokalemia and hypophosphatemia are secondary to gastrointestinal intolerance or refeeding (Marik and Bedigian, 1996; Kraft et al., 2005) , or owing to catecholamine administration (Body et al., 1983) or high cytokine levels (Barak et al., 1998) .
Our study has several limitations. This is a single-center study. The number of patients with gastrointestinal complications is small and it limits the multivariate model. We did not use a severity of illness score to analyze the relation between severity of illness and gastrointestinal complications.
The mortality in the children with gastrointestinal complications was higher than that of the patients with adequate tolerance to the nutrition. We believe that the higher mortality was due to the greater severity of the clinical state associated with organ failure (shock, acute renal failure, hepatic disturbances) and the need for higher doses of vasoactive and sedative drugs. The gastrointestinal complications of enteral nutrition could therefore be an indicator of severity and of the risk of mortality in critically ill children.
We conclude that the incidence of digestive tract complications in critically ill children fed with TEN is low. The most important risk factors for digestive tract complications are shock, the administration of high doses of epinephrine and hypophosphatemia. TEN could be a safe method of feeding for the critically ill child whose gastric nutrition is contraindicated, poorly tolerated or insufficient.
